Introduction
The Energy Doubler refrigeration system is required to cool long strings of warm iron magnets with a high degree of reliable and/or redundancy. The 6.5 km circumference together with the extremely small cooling channels dictated by the warm iron configuration necessitates the usage of subcooled liquid in the coil chambers. The largest component of heat load is the ac losses in the coils followed by two equal components: lead cooling and thermal heat leak. This gives us an important additional degree of freedom; i.e., to reduce the ramp rate while repairs are in progress. Only a magnet failure or loss of vacuum in the satellite cold box will shutdown the system for an extended period (two days). With the system operating in a nonfailure mode The unit has three nodes of operation (see Table I ), the primary mode which is used for the Energy Doubler is the "satellite mode" (see Fig. 3a ). The In the refrigerator and liquefier modes liquid nitrogen is used instead of liquid helium (see Fig. 3b ). The stand-by gas engine is now operated at 30°K and 350K for these two nodes, while the liquid engine produces a 2-phase liquid gas mixture.
These modes would be used in the experimental areas as well as for the Energy Doubler during construction and failure conditions. The 
Transport System
The liquid helium and nitrogen will be fed to the Doubler by a 25 section, 6.5 km long, 6 in. diameter vacuum-jacketed loop. The liquid nitrogen which is the shield for the feed line is used to cool the shield of the magnets. Both ends of each section of feed line permit independent 55 cm contraction of the helium and nitrogen pipes. The sections are coupled by two rigid, vacuum-jacketed U-tubes, each with a branch tee to feed the local refrigerator. The helium branch tee to the cold box line contains a servo valve which maintains the output of the shell side of the #IV exchanger at 23°K. The nitrogen branch tee has two servo valves which keep the magnet shield vents at 85°K.
Located on the ceiling of the main ring tunnel are three return gas headers. The largest is a 6 in. low pressure helium collection header for lead flow and cooldown, as well as for all magnet helium reliefs. At each service building is located a 6 psi pop-off valve vent to atmosphere. The vent system must be sized for dumping the entire Doubler in three seconds; peak pressure in the test magnets occurs .6 seconds after the start of the quench. The imbalance in the satellite exchangers, 3.2 g/sec, is compressed to 20 atm and returned to the central plant compressor discharge (13 atm) through a 2 in. header. The 85°K nitrogen gas is permitted to warm up as it is returned through a 3 in. un-insulated line.
Failure Modes
The weakest link in any refrigeration system is the rotating equipment. Our reciprocating expansion engines are located in separate cryostats connected to the cold box with quick disconnect U-tubes. 
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